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ABSTRACT

The excess enthalpies of cyclooctane+ n-hexane, + n-heptane, + n-octane, + n-dodecane
and + n-hexadecane have been measured over the whole composition range at two tempera-
tures. The results, together with previously published excess volume results, have been fitted
to the Flory theory of liquid mixtures.

INTRODUCTION

The molar excess volumes (V.E) of cyclooctane with an n-alkane have
recently been reported by the authors [1,2]. In this work, we present the
molar excess enthalpies (HE) of the same mixtures at two temperatures. The
HE results at 25°C presented in this work, together with the previously
reported V.E results at 25°C have been used to test the Flory theory of liquid
mixtures.

EXPERIMENTAL

The purification procedures for all the hydrocarbons have been described
[3] as has the method for determining HE using the LKB 2107 microcalorim-
eter [3).
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RESULTS

The HE results are given in Table1 together with the deviations 8H,.
calculated from the smoothing equation

SHE=HE—x(1—x) X 4,(1—2x)" (1)
r=0

where x denotes mole fraction. The value of the coefficients A4, are given in

Table 2. '

DISCUSSION

Although HE for other systems of the type cycloalkane + an n-alkane have
been reported by other workers, no HE measurements for cyclooctane + n-
alkane mixtures have been previously reported.

The HE results presented here are very similar to the HE results for
cyclohexane + n-alkane mixtures [4-8] but are less positive by amounts
which vary from 12J mole™! for n-hexane to 66 J mole™' for n-hexadecane
systems. These values refer to mixtures studied at 25°C and at compositions
of 0.5 mole fraction. Again, as in the case of cyclohexane + n-alkane mix-
tures [7-9], HE and the magnitude of 3( HE /9T ), _, s increases with increas-
ing carbon number.

The properties of the pure substances such as density (p), coefficients of
thermal expansion (a) and the isothermal compressibility (k) required for

TABLE2

Smoothing coefficients for x ¢-CgH,s+(1—x) n-C,H, ., at temperatures T determined
from the results of Table 1

n-Alkane T Ao Aj A, A,

) ©C) (J mole™ ) (J mole™ ) (J mole™ ") (J mole™ ")
C,H,, 15 862.9 —251.2 91.1 —68.0
C,H,, 25 816.1 —226.1 94.8 —43.6
C,H,q 15 972.8 —339.6 158.8 —84.9
C,Hy 25 888.4 —226.6 202.2 —222.1
CgHq 15 1084.2 —310.6 167.7 —256.6
CgH g 25 981.3 —348.4 233.7 -119.7
C,Hy 15 1503.4 —548.9 337.2 —235.4
C,Hy 25 1366.8 —546.0 357.5 —157.9
C¢H,, 25 1746.8 —671.9 . 481.8 —383.6

C,Ha, 35 14572 . —6786 389.6 ~87.0
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TABLE 3

Properties of pure substances at 25°C

Hydro- p Ref. 103 Ref. 102 Ref.
carbon (gcm™3) K™H (Pa)™!

CyH, 4 0.83151 10 0.979 11 803 1
CeHs 0.65481 10 1.375 12 1669 12
C.H, 0.67951 10 1.245 12 1438 12
CeH,, 0.69849 10 1150 12 1282 12
Cp,Hy 0.74516 10 0.970 12 988 12
C,.H,, 0.76996 10 0.898 12 857 12

the Flory theory, are given in Table 3. Also required for the Flory theory are
the V.E data on the same systems. This data is summarised in Table4 by the
coefficients B, from the smoothing equation

VE=VE—x(1—x) Y B(1—2x) 2)
r=0
given in refs. 1 and 2.
The Flory theory [13,14] used in this treatment has been used by Benson
et al. [15,16] for decalin + cycloalkanes. We have used an identical approach
and have assumed

()

S, \vr

We did not, however, consider S, /S, to be an adjustable parameter.
In this work, we have determined x,,( HE) from HE at all compositions
between 0 and 1.0 at 0.01 mole fraction intervals. The value of x,,(HE)

TABLE 4

Smoothing coefficients, B,, from eqn. (2) for x ¢-CgH ;s +(1—x) n-C,H,, ., at 25°C taken
from refs. 1 and 2

n-Alkane B, B, B, B, Ref.
(cm® mole™ ') (cm® mole™ 1) (cm® mole ™ 1) (cm® mole™ 1)

C.H,, —1.975 —0.868 -0.011 0.315 2

C.H,  —0.83 —0.895 —0.220 0 1

CeH,,  —0.181 —0.525 0.349 0 1

C,,Hy 1.423 —0.764 0.308 0 1

C, H, 2.321 —1.049 0.256 0 1
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which minimised the standard deviation of o( HE) was then determined.
o( HE) was calculatcd from

2 [HE o(x,) = HE ()] /97 (3)

i=1
Using x,,( HE), the predicted value of excess molar volumes (V£ ) were
calculated and o*( HE) computed using a similar equation to eqn. (3). The
values of x,,( HE), o( HE) and ¢*(VE) are given in columns 2-4 of Table5.

In addition, we have reversed the procedure and determined x,,(V,F) from
the V.F smoothing coefficients of Table4 and hence determined o(V,5) and
o*( HE). The results are given in columns 5-7 of Table5.

Judging from the standard deviation results of TableS5, the Flory one-
parameter equation provides a reasonable fit for both HE and V.F data.
More important, however, is the predictive power of the Flory theory. The
standard deviations o*(V,F), calculated from V calc which in turn was
determined from experimental HE data, are given in Table5. The values of
o*(VE) for the mixtures cyclooctane + n-hexane, +n-heptane, +n-octane
and +n-dodecane are less than 0.09 cm® mole™'. This is remarkable when
considering that the theory contains only one parameter and that only HE
data was used to predict V,}.

The result for the n-hexadecane systems is not as good and is very likely
due to the disparity in size between the cyclooctane and the n-hexadecane.
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